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Objective:During the last decade, endovascular repair of popliteal artery aneurysms (PAAs) has become a valid alternative
to open repair. This study analyzes the incidence and origin of stent graft fractures after endovascular repair, its impact
on patency, and strategies to prevent fractures.
Methods:Data of 78 atherosclerotic PAAs in 64 patients were gathered in a prospectively-held database from1998 to 2009. All
x-rayswere reviewed to detect stent fractures.Only circumferential fractureswere included for analysis; localized strut fractures
were excluded. Clinical endpoints were circumferential stent fracture, occlusion, and clinical status of the patient.
Results:Mean follow-up time was 50 months (range, 1-127 months). Fifteen circumferential stent fractures occurred in
13 (16.7%) patients. The majority of stent fractures (93.3%) were associated with the use of multiple stent grafts. At
univariate analysis, younger age was identified as the only significant predictor for stent fracture (P  .007). The
cumulative stent fracture-free survival was estimated at 78% and 73% at 5- and 10-year follow-up, respectively. The
cumulative primary patency rate, defined as time to occlusion, was not different for the fracture group compared with
the nonfracture group (P  .284).
Conclusions: The incidence of stent fractures after endovascular PAA repair is probably underreported in the literature.
Stent graft fractures mainly occur at overlap zones and are associated with younger age of the patient. Fracture of the stent
did not significantly influence patency of the stent graft. ( J Vasc Surg 2010;51:1413-8.)In 1994, the first report on endovascular repair of a
popliteal artery aneurysm (PAA) was published.1 This ap-
proach involved a standard polytetrafluoroethylene (PTFE)
graft that was inserted via the common femoral artery and
secured at both ends by balloon-expandable stents. Since
then, flexible stent grafts have been developed, including the
Hemobahn/Viabahn (W.L. Gore and Associates, Flagstaff,
Ariz) and the Wallgraft (Boston Scientific Corporation,
Natick, Mass). Both grafts have been used to treat PAA, and
various groups of investigators have published their results.2-9
A recent meta-analysis compared endovascular repair of
PAA with open surgery and included 3 studies and 141
patients (37 endovascular, 104 open).10 The authors con-
cluded that the main advantage of endovascular repair was
a shorter hospital length of stay, with a weighted mean
difference of 3.9 days in favor of endovascular repair.
Midterm results were similar for both treatment modalities,
but 30-day graft thrombosis (odds ratio [OR] 5.05) and
reintervention rates (OR 18.8) were significantly higher for
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doi:10.1016/j.jvs.2009.12.071endovascular repair. However, these studies also included
the learning curve and, therefore, results have to be inter-
preted with caution.
It is imaginable that the use of a stent graft across the
flexible knee jointwould presentwith a higher risk of breakage
and subsequent occlusion. However, the reported incidence
of stent fractures after popliteal stent grafting is surprisingly
low.
In this study, the incidence and origin of stent graft
fractures and their impact on patency, as well as strategies to
prevent them, are analyzed.
METHODS
Design and objective of the study. Our endovascular
PAA registry was analyzed retrospectively. The objective
was to investigate the incidence and origin of stent fractures
and their clinical impact. The study was based on the use of
Hemobahn/Viabahn devices only.
Subjects and procedure. All PAAs treated with an
endovascular stent graft between June 1998 andDecember
2008 were analyzed. Only true atherosclerotic aneurysms
were included. False aneurysms at the distal anastomosis of
three femoropopliteal bypass grafts that were treated by
endovascular means were excluded from the study. Other
exclusion criteria were the absence of a landing zone in the
proximal and distal popliteal artery of at least 3 cm length,
extensive aneurysmal or stenotic disease at the level of the
iliac and femoral arteries, and the absence of at least one
good tibial or peroneal artery serving as a run-off vessel.
Threshold diameter for treatment of PAA was 21 mm
in elective cases. An extensive description of the preopera-
tive evaluation and endovascular procedure as applied in
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tients in need of treatment of PAA received a preoperative
calibrated angiogram to assess in- and outflow vessels.
Patients selected for endovascular repair underwent a du-
plex ultrasound (DUS) examination 1 day before the pro-
cedure to mark the proximal and distal landing zones (and
to confirm patency of the vessel). At operation, via surgical
cut-down in the ipsilateral groin and after intravenous
administration of 5000 IU of heparin, the stent graft was
introduced through a 30-cm-long 12 F sheath placed an-
tegradely in the common femoral artery over a 180-cm-
long Amplatz Super Stiff guide wire (Boston Scientific
Corporation). If necessary, multiple stent grafts were in-
serted with an overlap zone of at least 3 cm. Landing zones
were also chosen at least 3 cm long. After balloon touch-up,
completion angiography was performed.
All procedures were performed by or under the super-
vision of two vascular surgeons (E.V., I.T.).
All patients received antiplatelet or anticoagulation
therapy. Up to April 2003, antiplatelet therapy consisted of
a daily dose of 80 mg acetyl salicylic acid (ASA). After April
2003, this protocol was changed, and clopidogrel 75 mg
was added to the administration of ASA for a period of 6
weeks after the operation. Patients who were on anticoagu-
lants before the intervention, mostly for cardiac indications,
continued this therapy after the operation. In these patients,
clopidogrel was also administered for a period of 6 weeks.
Follow-up protocol. Follow-up was performed at 1
month, 6 months, and yearly thereafter at the outpatient
clinic with DUS examination to detect stenosis, occlusion,
and endoleak. In addition, an x-ray of the knee was per-
formed in two projections. This included an anteroposte-
rior view with the knee in extension and a lateral view with
the knee in extension and in 90 degrees flexion. All x-rays of
the knee were reviewed and analyzed specifically to detect
stent fractures. In addition, the location of the fractures in
relation to overlap zones of different stent grafts and to the
level of the adductor tubercle of the femur was assessed.
Definitions and endpoints. A stent fracture was de-
fined as any disruption of the normal structure of the stent
as diagnosed on x-ray. As a result of the absence of an
existing valid method for reporting, fractures were subdi-
vided in circumferential disruptions of the normal integrity
of the stent material (Fig 1) and localized or so-called strut
fractures (Fig 2). Only circumferential fractures are referred
to when stent fractures are mentioned in the text. The
major hinge point of the popliteal artery was defined as
situated at the level of the adductor tubercle, which corre-
sponds to the level of the upper border of the patella, in a
plane perpendicular to the femoral axis.12
Endpoints for outcome of the study were circumferen-
tial stent fracture, occlusion of the stent graft, and clinical
status of the patient.
Statistics. Data were prospectively collected in a data-
base and analyzed in a retrospective manner using SPSS
16.0 for Windows (Statistical Package for the Social Sci-
ences, Chicago, Ill). Data for continuous variables were
expressed as mean  standard deviation (SD) for normaldistribution and as median with a range for skewed distri-
bution. Differences between categorical variables were ana-
lysed with Chi-square or Fisher’s exact test (two-sided).
Differences between continuous variables were analyzed
with the Student’s two-tailed test (normal distribution) or
Mann-Whitney U test (skewed distribution). Time-related
survival was analyzed using Kaplan-Meier statistics. Com-
parison between groupswas performedwith log-rank analysis.
A P-value .05 was considered statistically significant.
RESULTS
In total, 78 PAAs in 64 patients were treated by endo-
vascular means. Six patients with a PAA presented with
Fig 1. Lateral view x-ray showing a stent graft fracture both at the
upper and lower border of an overlap zone and at the level of the
adductor tubercle.
Fig 2. Lateral view x-ray showing a localized disruption of the
stent graft.acute ischemia and were treated after successful thrombol-
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16-65 mm). Mean age of the patients was 68.6 9.6 years
(range, 51-94 years), and 61 patients (95%) were male. In
21 (26.9%) cases, a single stent graft was used to exclude
the aneurysm. In the remaining 57 (73.1%) cases, multiple
stent grafts were used (range, 2-4).
Mean follow-up time was 50 months (range, 1-127
months). Fifteen circumferential stent fractures occurred in13
(16.7%) cases, details of which are summarized in Table I. In
one case where a single stent graft had been used, an endoleak
was founddue todisruptionof the graftmaterial.Nox-raywas
available to prove a stent fracture in this case. The patient
underwent an infragenicular bypass in another hospital.
Univariate analysis to test the influence of variables on
the occurrence of stent fractures revealed younger age of
the patient to be a significant predictive factor (P  .007;
mean age for the group with and without stent fracture was
60.6  7.3 years and 68.4  9.7 years, respectively; Table
II). As only one significant factor was found, a multivariate
analysis was not performed. A stent fracture occurred in the
majority of the cases with multiple stent grafts (14/15;
93.3%; P  .167). The cumulative stent fracture-free sur-
vival was estimated at 78% and 73% at 5 and 10 years
follow-up, respectively (Fig 3A).
Occlusion of the stent graft occurred in 21 (26.9%)
cases, including 5 out of 13 cases (38.5%) with stent
fracture and 16 out of 65 cases (24.6%) without stent
fracture. The cumulative primary patency rate, defined as
time to occlusion, was not different for the fracture group
compared with the nonfracture group (P  .284; Fig 3B).
DISCUSSION
Arterial stent fractures in the femoropopliteal region
have been described mainly in cases related to peripheral
arterial occlusive disease. In a large prospective series with
121 cases and where different types of uncovered nitinol
Table I. Characteristics of stent grafts with circumferentia
No. Stents, (n) Fractures, (n)
Fracture spo
Overlap zone
1 2 1 Lower border
2 3 1 Upper border
3 2 1 Lower border
4 2 1 Lower border
5 2 1 Lower border
6 2 2 Upper border
Lower border
7 2 1 In overlap zone
8 2 2 In overlap zone
Lower border
9 2 1 Upper border
10 2 1 Upper border
11 1 1 NA
12 2 1 Lower border
13 2 1 Upper border
NA, Not applicable; PTA, percutaneous transluminal angioplasty.stents were used, Scheinert et al reported stent fractures in37% (45 out of 121 legs had 64 fractures) after a mean
follow-up of 11 months. Stent fractures in this series in-
cluded strut fractures (75%) and complete separation of
stent segments (25%). Occlusion occurred in 25 of 64
(34.4%) fracture cases. A majority (67%) of the fractures
was associated with stent restenosis or occlusion, and pri-
mary patency rate (defined as absence of50% restenosis or
occlusion) was significantly lower in the fractured stent
group.13 Rits et al reviewed the literature on noncoronary
arterial stent fractures and concluded that stent fractures
were associated with a higher rate of reocclusion. The
Table II. Influence of different variables on the
occurrence of stent fractures (univariate analysis)
Stent fracture
Yes No
P value(n  13) (n  65)
Patient age, mean  SD,
(y) 60.6  7.3 68.4  9.7 .007
Male gender, n (%) 12 (92.3%) 63 (96.9%) NS (.426)
Total stented length,
median (range) (cm) 21 (15-27) 20 (10-43) NS (.095)
Aneurysm diameter,
median (range) (mm) 28 (23-48) 26 (16-65) NS (.245)
Proximal stent diameter,
mean  SD (mm) 8.5  1.1 8.4  1.1 NS (.737)
Distal stent diameter,
mean  SD (mm) 8.2  1.0 7.8  0.9 NS (.194)
Multiple stent grafts
used, n (%) 12 (92.3%) 45 (69.2%) NS (.167)
Calcification SFA,
popliteal artery, n (%) 2 (15.4%) 20 (30.8%) NS (.330)
More than one run-off
vessel, n (%) 11 (84.6%) 62 (95.4%) NS (.192)
Acute ischemia, n (%) 1 (7.7%) 5 (7.7%) NS (1.000)
NS, Not significant; SD, standard deviation; SFA, superficial femoral artery.
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disease, the incidence of stent fractures after PAA repair
seems to be unexpectedly low. In nine series, published
Fig 3. (A) Kaplan-Meier estimated cumulative stent fracture-free
Time (mo) 12 24 36 48
Cumulative proportion (%) 98.6 94.0 86.1 83.
Number at risk 68 56 42 38
Standard error 0.013 0.029 0.046 0.
(B) Kaplan-Meier estimated primary patency (time to occlusion) f
Time (mo) 12 24 36 48
Cumulative proportion (%) 85.6 82.1 80.3 72.
Number at risk 51 45 35 29
Standard error 0.044 0.049 0.051 0.
Kaplan-Meier estimated primary patency (time to occlusion) for fr
Time (mo) 12 24
Cumulative proportion (%) 84.6 67.7
Number at risk 10 8
Standard error 0.100 0.134since 2000 and with a total of 210 PAAs included, onlythree fractures were described, and they were all reported in
our own series from 2007 (Table III).7 Apart from this
series, regular follow-up with x-ray of the knee to detect
val.
60 72 84 96 108 120
76.7 76.7 72.7 72.7 72.7 72.7
29 19 10 8 7 1
0.061 0.061 0.070 0.070 0.070 0.070
nfractured group.
60 72 84 96 108 120
72.8 72.8 72.8 58.2 58.2 58.2
27 17 10 8 7 1
0.062 0.062 0.062 0.105 0.105 0.105
ed group (dashed line).
36 48 60 72
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0.141 0.141 0.141 0.141survi
9
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or no
8
062
acturfractures was included in the follow-up protocol in only two
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two series. This fact may be explained in part by the lower
amount of multiple stents (in 38%8 and 57%15 of the cases,
respectively) compared with our series (73%). Another
explanation may be that, in one of the two series,15 another
type of stent graft was used (Anaconda), and the mean
follow-up was only 6 months. In view of the relatively high
amount of stent fractures in our series and the restricted
application of x-ray in the follow-up protocols of other
series, the real incidence of fractures is probably higher than
suggested in the different reports. The problem of stent
fractures after endovascular repair of PAA may thus be
globally underestimated. In contrast to experience with
stents in the femoropopliteal segment in occlusive dis-
ease,13,14 the occurrence of a stent fracture in this study was
not associated with a higher occlusion rate. Therefore, the
clinical impact of stent fractures seems limited after endo-
vascular PAA repair. Despite this, meticulous follow-up
with x-ray of the knee seems warranted in view of the small
study size and limited statistical impact.
Younger age proved to be a predictor of stent fracture.
Mean age of the patients with stent fracture was 61 years. It
is conceivable that younger patients are more active, which
is reflected in a higher amount of knee flexions. Also, range
ofmotion of the knee depends on the type of activity, which
is equally related to age of the patient.16 Therefore, it is safe
to advocate caution in the use of endovascular repair of
PAAs in younger and more active patients, although strict
guidelines regarding age and activity level cannot be for-
mulated. Also, a proof of the hypothesis that younger age
yields more fractures could not be verified by analyzing
fractures in bilaterally treated cases. Five out of 14 aneurysms
Table III. Overview of the literature on endovascular trea
(case reports excluded)
Author Year Cases, n Type of stent graft
1 stent
n (%
Henry17 2000 12 Variousa No d
Howell2 2002 13 Wallgraft 5 (3
Gerasimidis3 2003 9 Variousb 4 (4
Mohan4 2006 30 Variousc No d
Rajasinghe5 2006 23 Viabahn No d
Curi6 2006 15 Viabahn 5 (3
Tielliu7 2007 73 Hemo-/Viabahn 53 (7
Antonello8 2007 21 Hemo-/Viabahn 8 (3
Cinà15 2008 14 Anaconda 8 (5
Idelchik9 2009 33 Variousd No d
This seriese 2009 78 Hemo-/Viabahn 57 (7
CTA, Computed tomographic angiography; SD, standard deviation.
aCragg Endopro system (7)/Corvita (3)/noncovered stent (1).
bHemobahn (6)/Wallgraft (2)/Passager (1).
cHemobahn/Viabahn (26)/Passager (2)/Aneurx (1)/PTFE homemade (1
dWallgraft (15)/Viabahn (44).
eThis series is an update of an earlier published series.7were treated bilaterally, of which five had a fractured stent.Three fractured unilaterally (patient ages 52, 55, and 56 years)
and two fractured bilaterally (ages 63 and 51 years).
The majority of stent fractures in our series were situ-
ated at the border of an overlap zone (93.3%) and at the
level of the adductor tubercle (73.3%). The use of multiple
stent grafts, however, was not significantly associated with
the occurrence of fractures (P .167). This may be attrib-
uted to a type II error as a result of limited numbers in the
series. Ongoing experience with endovascular PAA repair
taught us to try to avoid overlap zones at the level of the
adductor tubercle. However, with the available Hemobahn/
Viabahn lengths of 10 and 15 cm this proves difficult. As a
result, we often end up with either the upper or the lower
end of an overlap zone at the level of the major hinge point
of the popliteal artery. The median total stented length in
this series (78 PAAs) was 20 cm, necessitating multiple
stent grafts in 73% of cases for issues of either length or
discrepancy between the proximal and distal landing zone
diameter. Length and diameter restrictions of the available
stent grafts have thus led to the use of multiple devices and
eventually to a number of stent fractures related to overlap
zones. This problem could be overcome by either using
longer and/or tapered stent grafts than currently available
or bymoving the overlap zone away from the hinge point of
the artery. We therefore calculated that with the hypothet-
ical availability of a 9- to 8-mm and an 8- to 7-mm tapered
device with a length of 20 and 25 cm, an additional 47.4%
of patients could have been treated with a single stent graft.
In addition, in the few patients still requiring two stent
grafts, the overlap zone could then be positioned far away
from the crucial hinge point of the popliteal artery.
There are clearly limitations associated with this study.
t of popliteal artery aneurysms from the year 2000 on
t, Fracture,
n (%)
Follow-up, mo
(range)  SD Follow-up protocol imaging
— 20.6 No x-ray
— 12 No x-ray
— 14 No x-ray
— 24 No x-ray
— 7 No x-ray
— 14  3 No data
3 (4) 37  28 X-ray at discharge and every 6
months
— 47.8 X-ray every 6 months
— 6  3 X-ray at discharge; CTA every
6 months
— 35.4  32.1 No x-ray
13 (17) 45 (1-108) X-ray at discharge, at 6
months, yearlytmen
graf
)
ata
8)
4)
ata
ata
3)
3)
8)
7)
ata
3)
).Only total disruptions of the stent material, defined as
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fractures can only be visualized on an x-ray plane perpen-
dicular to the fracture. As only anteroposterior and lateral
views were made, the amount of strut fractures may be
underestimated. Therefore, strut fractures were excluded
from statistical analysis. In addition, for practical reasons, all
assumptions regarding the hypothetical stent grafts were
based on data of devices that were used and not on actual
duplex diameter measurements of the entire proximal and
distal landing zones. Finally, this study is based on one type
of device, and results should be interpreted accordingly. In
our opinion, the Viabahn is still the best available stent graft
for PAA repair. It is very flexible and offers the largest
variety of suitable diameters and lengths. Nonetheless, the
fact that alteration of the normal stent graft structure also
occurred in a case with a single stent graft (Fig 4) suggests
that the current stent design is still not perfectly suited for
this indication. More research focusing on the ideal stent
design is therefore needed.
CONCLUSIONS
In our series, fractures did occur after endovascular
PAA repair in a considerable amount of the cases. They
often occurred at overlap zones and were associated with
younger age of the patient. Fracture of the stent did not
influence patency of the stent graft significantly. Further
research is needed to improve the stent graft design for
endovascular treatment of PAAs.
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